Polarised neutron beams are used in disciplines as diverse as magnetism,soft matter or biology. However, most of these applications often suffer from low flux also because the existing neutron polarising methods imply the filtering of one of the spin states, with a transmission of 50% at maximum. With the purpose of using all neutrons that are usually discarded, we propose a system that splits them according to their polarisation, flips them to match the spin direction, and then focuses them at the sample. Monte Carlo (MC) simulations show that this is achievable over a wide wavelength range and with an outstanding performance at the price of a more divergent neutron beam at the sample position.
Introduction
Polarised neutron beams fully exploit the strength of neutron in investigating the structure and motion of atoms and molecules in the bulk. This leads eventually to a broad range of applications and a high demand for the highest possible intensities.
The usual polarisation methods involve polarising supermirrors [1, 2, 3] , 3 He polarisers [4, 5, 6] or Heussler monochromatos [7] . All these methods, however, act as spin filters, i. e. they transmit the part of the neutron beam that has the correct spin state while discard all neutrons with the wrong spin state. Therefore and in order to maximise the neutron intensity, it would be highly beneficial to design a neutron polarising system that uses the full beam and after some manipulation brings all neutrons in the same spin state and recombines them at the sample position.
applying the dynamic polarisation technique it is possible to polarise the full neutron beam and reach a high polarisation. However, this solution requires either a highly monochromatic beam, or a time-of-flight polychromatic beam with high time resolution. In both cases the neutron intensity is severely reduced, which is a major drawback. Therefore, for general purpose applications a different, more versatile, solution is required with an approach, which overcomes the limitations of conventional neutron polarisers.
Principle and description of the system
The principle of the proposed system consists in separating the neutron beams according to their spin states using a supermirror polarisering cavity. The neutrons are then converted in to the same spin state by adequate use of spin flippers and finally focussed and recombined at the sample position of an instrument. A schematic drawing of the setup is given in fig. 1 . The starting point and key component is a V-shaped supermirror polarising cavity, which separates the neutron beams according to their spin states. Such a device has been realised at the Helmholtz Zentrum Berlin (previously Hahn-Meitner Institute) and provided polarised neutron beams to two instruments: the transmitted beam with a polarisation |− was serving the reflectometer V6 while the reflected beam with a polarisation |+ was directed to the neutron-spin-echo spectrometer V5 [9] . The solution adopted here is a variant of the Berlin setup and is schematically shown shown in fig. 1 
Simulation procedure and results
The simulations were performed with the VITESS program [10] , assuming the fig. 2(a) -(b) and 3, which were also included in Berlin setup [9] . The curved lateral parts had a non-polarising coating of m=2
for the outer walls and m=1 for the rest. The central guide was also coated with m=1 over the whole length. The sample had a cross-section of 2 x 2 cm 2 and was placed at D = 4 m from the end of the guide assembly.
The results of the simulations will be discussed in two sections, in which the performance of the proposed system (from now on named the system) is discussed as a function of its total length and the geometry of the polarising cavity respectively.
The neutron intensities at the sample were normalising the corresponding intensity of the reference setup shown in fig. 2(c) , which corresponds to the arrangement of fig. 2 (a) without the polarising system: i.e. at 2 m from the source a 10 m long guide is placed with a width of W=3 cm, a height of 6 cm and all walls coated with m=1 (Ni). This normalised neutron intensity together with the polarisation, horizontal profile and divergence of the neutron beam at the sample position were used to assess the performance of the system.
Length of the device
The length of the system depends on the length of the cavity (L c =W/2 tan θ ≈ W/2 θ) and the requirements to redirect the lateral beams to the sample. With the angles defined as in fig. 2 the angular length of the arc is fixed to 2θ+φ. However, the length depends on the radius of curvature ρ, which can be obtained following a well established geometrical approach [11] . Table 1 . The results are given in fig. 4 and show that in all cases the polarisation is high and the normalised neutron intensity, which in this case can be associated with the transmission of the system, higher than 50 %, reaching even 80 %. The cases"1 LOS" and"2 LOS" give very similar results. It is also noticeable that the polarisation of the lateral beams goes through a minimum at about 9 Å for the "1 LO" and "2 LOS" cases but not for "1/2 LOS". This effect should therefore be brought in relation with ρ and the reflectivity of the outer walls, which are m=2
for both spin states and thus not polarising. The higher values of ρ lead to lower incident angles of the neutrons on the outer walls, which increases the transmission for all neutrons including those with the wrong spin state that are not completely filtered out by the polarising cavity. It is indeed known that such a "leakage" exists for the reflected beams [12] , which is closely related with the geometry of the cavity and will be discussed in the following sub-section. The "leakage" could be eliminated by a polarising supermirror coating of the outer walls, as it was suggested in [12] and realised in Berlin [9] . correspond to the case "1 LOS" assuming the characteristic lengths given in Table 2 .
Geometry of the polarising cavity
The performance of polarising cavities depends on the combination of the angle θ and the supermirror coating [12, 3] . In this work we fixed the supermirror coating to m=2.5 as shown in fig. 2b and changed θ to 0.6 • , 0.8 • and 1.0 • , while keeping the "1 LOS" configuration for the lateral beams with the lengths given in Table 2 . The deduced performance is given in figure 5 , where similar trends and similar shapes are found for these three cases. As expected, the higher values of θ shift the optimum performance towards longer wavelengths and the "leakage" seen in the polarisation occurs at longer wavelengths as well. 
Discussion
The system can efficiently split the incoming neutron beam in three polarised beams, and after proper spin manipulation with spin flippers, it has the potential to redirect them to the sample position. In this way the intensity is practically to apply magnetic fields over the whole length of the device. The magnetic fields should be high enough to polarise the beam at the cavity and then sufficient to guide and maintain the beam polarisation. In fact several realisations of polarised cavities have addressed this point [14, 13] and a variety of solutions have been successfully adopted involving either coils or the strong permanent magnets available nowadays. The design of the device implies that the strong magnetic fields needed to saturate the supermirrors and polarise the neutron beam are applied only at the cavity and thus far away from the sample position. This is an advantage for applications, like in Neutron Spin Echo spectroscopy, where a high magnetic field homogeneity is required. and any cross-talk with other magnetic fields must be minimised.
Last but not least the performance of the device depends on the capability to flip the beam polarisation of the central and/or the lateral beams with a high efficiency over a broad wavelength range. For this purpose RF adiabatic flippers [15] can be used, which combine a compact design with broadband high flipping efficiency [13, 16] . These flippers consist of a longitudinal RF coil, which can practically have the dimensions of the neutron guide and can even slide along the guide [16] , and a vertical magnetic field, with a longitudinal gradient, which can be realised by placing permanent magnets below and above the device as a whole.
To conclude, from todays perspective there are no technological risks in adopting the proposed design for future polarised neutron instruments, in particular neutron spin echo spectrometers. In this way it is possible to improve the performance of beam extraction systems by polarising also those neutrons that are usually discarded.
